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1
$E(R) \equiv-\lim\inf\log\underline{1}$ $P_{e}(2^{nR}, n),$ $0<R<C$ (1)
$?1arrow\infty n$
. $c$ , $R$
$R=\underline{\mathrm{l}\mathrm{o}}\mathrm{g}A\underline{M}$




$P_{\max}( \mathcal{W},X)=\max P_{j}(\mathcal{W}, X)1\leq j\leq M$ ’
.
$P_{j}(\mathcal{W}, X)=1-Tr[S_{w^{j}}X_{j}]$
$\Sigma_{j=1}^{\mathrm{A}\prime I}X_{j}\leq I$ $X=\{X_{j}\}$ $\vee t$
$\gamma$) $\text{ }$




. , ( $\mathfrak{y}$
$E(R) \geq E_{q}(R)\equiv\max_{\pi}.\sup_{0<s\leq 1}\{\mu_{q}(\pi, s)-sR\}$
,




$\mu_{q}(\pi, s)$ $=$ $-\log G(s)$ ,
$G(s)$ $=Tr[A(s)^{1+s}]$ ,
$A(s)$ $=$ $\sum_{i=1}^{a}\pi_{\dot{\mathrm{r}}}S_{i}^{\frac{1}{1+s}}$ ,
, $S_{i}$ $A=\{1,2, \ldots, a\}$ Hilbert $\mathcal{H}$
$iarrow S_{i}$
. $\dim[H]<\infty$ . Holevo [6], Ogawa and Nagaoka [7] $\mu_{q}(\pi, s)$
$-1<s\leq 1$
. $a=2$ 2 $0\leq s\leq 1$ $\mu_{q}(\pi, s)$
.
2 ( 1)
Proposition 1([2], [3]) $A(s)$ invedible .
$\mu_{q}(\pi, s)$ .
$Tr[(. \sum_{i=1}^{a}\pi_{i}S^{\frac{1}{i1+\mathrm{a}}})^{s}(\sum_{j’=1}^{a}\pi_{j}S^{\frac{1}{j1+\mathrm{a}}}(\log S^{\frac{1}{j1+\epsilon}})^{2})-(\dot{.}\sum_{=1}^{a}\pi\dot{.}S^{\frac{1}{\dot{.}1+\epsilon}}.)^{-1+s}(\sum_{j=1}^{a}\pi_{j}S^{\frac{1}{j1+s}}\log S^{\frac{1}{j1+s}})^{\underline{9}}]\geq 0$ .
Remark 1 $A(s)$ invedible .
$\pi_{i}$ 0 $S_{i}$ invedible $A(s)$ invertible {
. 1 $S_{i}$ inve ible $A(s)$ invertible
.
$a=2$ . $S^{\frac{1}{11+\S}}=A,$ $S^{\frac{1}{21+\text{\’{e}}}}=B$ $\pi_{1}=\pi_{2}=\frac{1}{2}$
.
$Tr$ [ $(A+B)^{s}(A(\log A)^{2}+B(\log B)^{2})-(A+B)^{-1+\epsilon}$ (Alog $A+B\log B)^{2}$ ] $\geq 0$ (2)
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. (2) .
$Tr[(A+B)^{s}(A(\log A)^{2}+B(\log B)^{2})]-Tr$ [ $(A+B)^{-1+\epsilon}$ (Alog $A+B\log B)^{2}$ ]
$=Tr[(A+B)^{-1+s}(A+B)(A(\log A)^{2}+B(\log B)^{2})]$
$-Tr[(A+B)^{-1+s}(A\log A+B\log B)^{2}]$
$=$ $Tr[(A+B)^{-1+s}\{A^{2}(\log A)^{2}+AB(\log B)^{2}+BA(\log A)^{2}+B^{2}(\log B)^{2}\}]$
$-Tr$ [ $(A+B)^{-1+s}\{A^{2}(\log A)^{2}+A\log$AB $\log B+B\log$ BA log $A+B^{2}(\log B)^{2}\}$ ]
$=$ $Tr[(A+B)^{-1+s}\{AB(\log B)^{2}+BA(\log A)^{2}\}]$
$-Tr$ [ $(A+B)^{-1+s}A\log$ AB $\log B$ ] $-Tr$ [$(A+B)^{-1+s}B\log$BA log $A$]
$=Tr[(A+B)^{-1+\epsilon}AB(\log B)^{2}]+Tr[(A+B)^{-1+\epsilon}BA(\log A)^{2}]$
$-2{\rm Re} Tr[A\log A(A+B)^{-1+\mathrm{s}}B\log B]$ . (3)
Theorem 1 $s=1$ .
$Tr$ [ $(A+B)(A(\log A)^{2}+B(\log B)^{2})$ –(Alog $A+B\log B)^{\underline{\mathrm{o}}}$ ] $\geq 0$ .
Proof. (3) .
$Tr[AB(\log B)^{2}]+Tr[BA(\log A)^{2}]-2{\rm Re} Tr$ [$A\log$ AB $\log B$ ]
$=Tr[AB(\log B)^{2}]+Tr[BA(\log A)^{2}]-2{\rm Re} Tr[B^{1/2}A^{1/2}\log AA^{1/2}B^{1/2}\log B]$
$\geq$ $Tr$ [AB $(\log B)^{2}$ ] $+Tr[BA(\log A)^{2}]$
-2 $(Tr[BA(\log A)^{2}])^{1/2}(Tr[AB(\log B)^{2}])^{1/2}$
$=$ $\{(Tr[BA(\log A)^{2}])^{1/2}-(Tr[AB(\log B)^{2}])^{1/2}\}^{2}\geq 0$ .
Remark 2Theorem $a$ . $\pi$
.
Theorem 2 $s=0$ .
$Tr$ [ $(A(\log A)^{2}+B(\log B)^{2})-(A+B)^{-1}$ (A $\log A+B\log B)^{2}$ ] $\geq 0$ .





$-2{\rm Re} Tr[\log AA(A+B)^{-1}B\log B]$
$=$ $Tr[(A^{-1}+B^{-1})^{-1}(\log B)^{2}]+Tr[(A^{-1}+B^{-1})^{-1}(\log A)^{2}]$
$-2{\rm Re} Tr[\log A(A^{-1}+B^{-1})^{-1}\log B]$
$=$ $Tr[(A^{-1}+B^{-1})^{-1}(\log B)^{2}]+Tr[(A^{-1}+B^{-1})^{-1}(\log A)^{2}]$
$-2{\rm Re} Tr[\log A(A^{-1}+B^{-1})^{-1/2}(A^{-1}+B^{-1})^{-1/2}\log B]$
$\geq$ $Tr[(A^{-1}+B^{-1})^{-1}(\log B)^{2}]+Tr[(A^{-1}+B^{-1})^{-1}(\log A)^{2}]$
-2$(Tr[(A^{-1}+B^{-1})^{-1}(\log A)^{2}])^{1/2}(Tr[(A^{-1}+B^{-1})^{-1}(\log B)^{2}])^{1/2}$
$=$ $\{(Tr[(A^{-1}+B^{-1})^{-1}(\log B)^{2}])^{1/2}-(Tr[(A^{-1}+B^{-1})^{-1}(\log A)^{2}])^{1/2}\}^{2}\geq 0$.
$A$ $B$ invertible $A_{\epsilon}=A+\epsilon I$ $B_{e}=B+\epsilon I$
.
$Tr[B_{\epsilon}(A_{\epsilon}+B_{\epsilon})^{-1}A_{e}(\log B_{\text{\’{e}}})^{2}]+Tr[A_{\epsilon}(A_{\epsilon}+B_{\epsilon})^{-1}B_{e}(\log A_{\epsilon})^{2}]$
$-2{\rm Re} Tr[\log A_{\epsilon}A_{\epsilon}(A_{\epsilon}+B_{\epsilon})^{-1}B_{\epsilon}\log B_{\epsilon}]\geq 0$ .
$\epsilonarrow 0$ .





{t, } $A+B$ , $\{|\phi_{n}>\}$ .
.
$Tr[(A+B)^{s}(A(\log A)^{2}+B(\log B)^{2})]$
$=$ $\sum_{1},<\phi_{n}|(A+B)^{s/2}(A(\log A)^{2}+B(\log B)^{2})(A+B)^{\epsilon/2}|\phi_{n}>$
$=$ $\sum_{l},<(A+B)^{s/2}\phi_{n}|(A(\log A)^{2}+B(\log B)^{2})(A+B)^{\epsilon/2}|\phi_{n}>$
$=$
$\sum_{n}t_{n}^{s}<\phi_{n}|(A(\log A)^{2}+B(\log B)^{2})|\phi_{n}>$
$=$ $\sum t^{\mathit{8}},..a_{n}$ .
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$Tr[(A+B)^{-\ovalbox{\tt\small REJECT}_{8}}(A\log A+B\log B)^{2})]$





Lemma 1 $t_{1},$ $t_{2},$ $a_{1},$ $a_{\vee}$” $b_{1},$ $b_{2}>0$ 2 .
(1) $t_{1}a_{1}+t_{2}a_{2}\geq b_{1}+b_{2}$
(2) $a_{1}+a_{2}\geq t_{1}^{-1}b_{1}+t_{2}^{-1}b_{2}$
$0\leq s\leq 1$ .
$t_{1}^{s}a_{1}+t_{2}^{s}a_{2}\geq t_{1}^{-1+\epsilon}b_{1}+t_{2}^{-1+s}b_{2}$ .








$t_{2}a_{2}-b_{2}\geq 0$ $t_{2}^{-1+\epsilon}-t_{1}^{-1+\epsilon}\geq 0$ .






(2) . $t_{1}^{s}-t_{2}^{s}$ $\geq 0$.
.
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Remark 4 Lemma 11 .







Theorem 3 $A,$ $B$ 2 . $0\leq s\leq 1$
.
$Tr$ [ $(A+B)^{\epsilon}(A(\log A)^{2}+B(\log B)^{2})-(A+B)^{-1+s}$ (Alog $A+B\log B)^{2}$ ] $\geq 0$ .
Proof. Theorem 1, 2 Lemma 1 2 .
Remark 5Theorem 3 $\pi_{1},$ $\pi_{2}$ .
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